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Fiber-reinforced polymer composites have a fast-growing performance in many areas of
engineering as a replacement for metallic materials due to their low density, low cost, specific
mechanical characteristics, and lower energy consumption. The efficiency of fiber-reinforced
polymer composites at high temperatures is an issue that requires to be well investigated before
this type of composite can be used in important engineering fields. The aim of this study is to
examine the change in mechanical properties of homogeneous and hybrid composites prepared
from epoxy resin reinforced with jute fabric and basalt fabric at three diverse post-curing
temperatures (50°C, 70°C, and 90°C). The vacuum- assisted resin transfer molding process was
used to fabricate the laminated composites. The tensile strength and microhardness values of post-
cured homogeneous and hybrid composite samples were determined by tensile tests and Vickers
hardness measurements. A water absorption test was also performed to determine the water
absorption capacity of the fabricated composites. After tensile testing of the fabricated structures,
the effect of post-curing temperatures on the interaction of the fiber-matrix interface was
investigated by scanning electron microscopy analysis. The results indicate that with increasing
the post-curing temperature from 50 °C to 90 °C, an improvement of 45.48% in tensile strength
and 34.65% in hardness is achieved for the hybrid composites. Moreover, the results of the water
absorption test show that the increased post-curing temperature reduces the water absorption
capacity of the hybrid composites by 3.53 times.

1. Introduction

advantages. For this reason, low-cost, light natural fibers
such as abaca, sisal, hemp, flax, coconut, jute fiber can

In the automotive field, worldwide competition is a
leading force in the emergence of improved and new
materials, in order to reduce costs, maintain the ecological
balance, and also maintain the share of commercial sales.
In this competition, light mass designs are revealed and the
desired requirements are met by the sector stakeholders'
orientation to innovative materials [1]. During recent
years, the usage of fiber-reinforced composite materials
has been increasing for these innovative materials.
Especially natural fiber reinforcements have created a
remarkable recognition among researchers due to factors
such as having low density compared to synthetic fibers,
being cost-effective, being produced from natural sources,
and being environmentally friendly [2]. Compared to
synthetic fibers, the biodegradability of natural fibers, less
damage to processing equipment and greater flexibility,
improved composite surface quality in molded parts, and
minimal health hazards are among the important
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narrow the use of synthetic fibers in many areas [3], [4].
Moreover, natural fibers also have some critical
disadvantages. The hydrophilic nature of natural fibers
creates an issue in these cellulose-containing fibers that
will significantly affect their mechanical features as well
as their physical properties. Since the chemical nature of
both the fibers and the matrix are diverse, it can lead to
inoperative stress transmission during the formation of an
interface of the produced composites [5], [6]. For this, the
hybridization process of natural and synthetic fiber
reinforcements contributes to the usage of natural fibers in
structural applications. While the low mechanical
characteristics of natural fibers are improved by the
hybridization process, the cost of the other reinforcing
element used, the damage to the environment, etc. factors
are minimized [7]. Jute fibers are one of the most cost-
effective natural fibers cultivated in countries such as
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India, China, Nepal, Bangladesh, and Thailand. In
addition, it has many application areas such as aircraft,
furniture sector, including the automotive sector. The high
strength/weight ratio, good insulation features, mechanical
features, and thermal features of jute fibers are effective in
the preference of jute fibers in these areas. Whereas the
lower density, specific strength per unit cost, specific
stiffness, and strength in jute fibers are comparable to glass
fibers, it is better than glass fibers in terms of specific
modulus, besides jute is superior in terms of cost per
module [8]-[10]. The use of light, low-cost natural fibers
in many industries, including the automotive industry, is
replacing a large part of the traditional materials used.
Especially in automotive, the reinforcement of natural
fibers to interior and exterior parts not only gives
ecological sensitivity and recyclability without sacrificing
safety but also affects fuel economy by reducing vehicle
weight. Thus, the global CO: balance will not only be kept
at a stable level even so will contribute to global
sustainability by reducing dependency on petroleum-based
products [11]-[13]. One of the fibers that have the
potential to be used in the automotive sector is basalt fibers
from the mineral fiber class. When basalt fibers are
compared with vegetable natural fibers, it is seen that they
have a higher modulus of elasticity and tensile strength. It
is a green material that does not harm the ecological
environment, has a cost of less than one-tenth of carbon
fiber, and exhibits notably diverse characteristics from
other fibers. Basalt rock fibers are nonflammable and
explosion-proof, as well as atoxic reaction with water or
air. It is stated that basalt-based composites can be used
instead of steels and known reinforced plastics. Basalt
fibers have good moisture, fatigue, and vibration
resistance and exhibit superior characteristics in terms of
acoustic insulation compared to other fibers [14]-[17].
However, many determinants like the type of matrix used
in the production of composites, the filling material, the
orientation of the fabric, and the production methods affect
the mechanical characteristics of the hybrid composite.
Researchers use various techniques to enhance mechanical
characteristics in hybrid composites. They discovered that
with this applied modification and chemical treatment, the
fibers improved in mechanical characteristics, water
resistance, and fire resistance compared to untreated
composites [18]. Cangiil et al. [19] conducted an
experimental study to crosscheck the water solubility
capacity and water absorption characteristics of the resins
using four distinct resins. They commented that water
solubility and water absorption in composite resin matrices
are seen as one of the critical issues that change the
chemical, physical, and mechanical structures of resins,
the matrix and filler structure of the resin should be
carefully examined to eliminate this effect. An accelerated
aging effect has been created on composite laminates, and

the mechanical responses that occur in laminates over time
have been investigated. In the research, in which jute and
basalt fibers were used as reinforcement elements with two
different sequencing orders, it was observed that the
hybridize operation of basalt fibers to jute fibers
significantly increased the resistance to environmental
aging [20]. Surana et al. [21] examined the mechanical and
vibration characteristics of the samples they prepared
using basalt fiber and epoxy. Whereas it was observed that
2% filling material gave the best results in the tensile test,
it was understood that 4% filling material was the critical
value in the vibration test. Kumar and Singh [22] examined
the impact of fiber orientation on impact strength, flexural
strength, tensile strength, and hardness in basalt fiber
reinforced epoxy hybrid composites. In the mechanical test
outcomes, the best values were obtained for the composite
specimens with a fiber orientation angle of 90°, as the
composite specimens with a fiber orientation of 45°
showed the lowest values. In an investigation of Darshan
and Suresha [23], in which basalt fiber was hybridized
with silk fiber, it was aimed to produce new composite
materiel by incorporating basalt fiber in different weight
ratios into silk fiber composites. It has been found that the
composites composed of 25% by weight silk fiber and
25% by weight basalt fiber give the most optimum
mechanical properties for use in structural engineering
applications. In another search in which basalt and jute
fiber were used, the walnut shell was mixed with epoxy
resin in weight ratios between 0% and 15% (0%, 5%, 10%,
15%) to form composite materiel. It was found that the
mechanical features were improved in the composites with
higher walnut shell ratios by weight [24]. In an
investigation in which nano graphene was used as filling
material, the friction coefficients and specific wear rates of
the products produced by producing homogeneous jute
fabric composite, homogeneous basalt fabric composite,
and hybrid basalt/jute fiber composite were investigated.
In the results, the hybrid composites with the lowest
specific wear rate and coefficient of friction are those
containing 0.4% by weight graphene [25]. The mechanical
characteristics of composite laminates in which jute fiber
is combined in different ratios (20%, 30%, and 50%) were
analyzed both experimentally and numerically. It was
expressed in the results that the mechanical properties
improved as the Jute fiber ratio increased in the
combination [26]. In the microscopic and macroscopic
examination of fiber metal layer composites in four
different arrays consisting of basalt, jute, and aluminum, it
was found that weak adhesion occurred between jute fibers
and aluminum in the interfacial connections. It was stated
that the poor adhesion of jute fibers with epoxy was the
basis of the loss in mechanical features [27]. By the time
these studies in the literature are examined, it has been
observed that there is not enough research to investigate
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the effect of temperature on composite materials. It is
known that temperature is a very important parameter in
composites both during production and during operation.
Almeida-Chetti et al. [28] investigated how curing
temperatures on four different composite resins influence
the modulus of elasticity and flexural strength of the resins.
It was determined that there was an augment in both the
modulus of elasticity and the flexural strength of the post-
cured composites. In the search made by Singh et al. [29],
it was investigated how the post cure temperature varying
between 80°C and 130°C would affect the mechanical
characteristics of composites produced with jute fiber and
epoxy resin. Whilst there was an increment in elastic
modulus, flexural strength, and tensile strength up to
100°C, temperatures after 100°C had a negative impact on
mechanical properties. The impact strength, on the other
hand, had the highest value when the post curing
temperature was at 80°C, while its increase from this
temperature negatively affected the impact strength. It has
also been found that the post-curing process improves the
ratio of the material's loss modulus to the storage modulus,
resulting in the development of the fiber matrix interface
[30]. The effects of various operating temperatures during
production were investigated, although the effects of
different curing temperatures have been discussed in
previous studies, it was found that the study on the effects
of post-curing on tensile strength, hardness, and water
absorption values of Jute and Basalt fibers and their hybrid
composites is lacking in the literature. In this work, pure
jute composites, pure basalt composites, and hybrid
jute/basalt composites were fabricated using Jute and
Basalt fabrics and epoxy resin. The fabricated composites
were exposed to post-curing at 50°C, 70°C, and 90°C for
1 hour. It was investigated how these three different post-
curing temperatures on the fabricated products in tests of
tensile strength, hardness, and water absorption were
scrutinized. The microscopic effects of the three different
post-cure temperatures on the manufactured composites
were also analyzed using scanning electron microscopy.

2. Material and Methods
2.1 Material

Jute plain woven texture and Basalt plain woven texture
were supplied by companies in Istanbul. These textures were
utilized as reinforcement materiels. These texture
characteristics used in this research are listed in Table 1. The
fabric specimens are indicated in Figure 1. Also, the fabric
stacking sequences are indicated in Figure 2.

In this work, the related hardener LH160 and the epoxy
resin L160 were utilized as matrix material. The hardener
and epoxy resin were procured by Kompozitshop. The
specific characteristics of the matrix assembly are listed in
Table 2. A weight ratio of 100:25+2 was chosen for the
mixture of epoxy resin and hardener, taking into account the

values given by the manufacturer and data from previous
studies.

In this research, twenty-seven composite samples were
prepared for homogeneous and hybrid composite structures
with two different fabrics and three different post-curing
temperatures. The fabrics were placed with unidirectional
and inter-ply structure. The pattern names given to the
samples for the composite laminates fabricated are listed in
Table 3.

After the samples were cured in a furnace at 50°C, 70°C,
and 90°C for 1 hour, the cutting process was carried out with
a waterjet device in the test sizes defined in the norms.

Table 1. Fabric characteristics [31], [32]

. Weight Thickness of Warp | Weft

Fabric .
(g/m?) fabric (mm) (tex) (tex)

ute 250 0.4
fabric '
Basalt
asa} 200 0.2 200 200
fabric

Jute Basalt
fiber fiber

Figure 2. Fabric stacking sequences of: a) Jute fabric b) Basalt
fabric ¢) Jute/Basalt fabric hybrid structure



093 Karacor and Ozcanli, International Advanced Researches and Engineering Journal 06(02): 090-099, 2022

Table 2. Hardener and epoxy characteristics [33]

LH160 L160 Epox
Hardener poxy
Density (g / cm?) 0.96-1.0 1.13-1.17
Viscosity (mPas) 10-50 700-900
60 / +50 except
Actuation heat treatment
- -60 / +80 by
temperature (°C) .
performing heat
treatment
Refractor index 1.520-1.521 1.548-1.553
Mensuration
. 25°C 25°C
circumstances

Table 3. Naming of prepared specimens

Pattern Textile versions
name
J Jute fabric
B Basalt fabric
JE Jute fiber reinforced homogeneous composite
BE Basalt fiber reinforced homogeneous
composite
JBE Jute/ Basalt fiber reinforced hybrid composite

2.2 Method

The VARTM technique has been utilized in the
manufacturing of hybrid composites comprise of epoxy resin
reinforced with jute and basalt fabric. In this technique, a
vacuum force is the main factor to remove the air that may
be in the reinforcement material and to ensure that the resin
enters the mold. Ensuring tightness is the most critical step
in the fabrication process. All samples were produced at
20°C £2°C and a pressure of 1 bar. First, the production area
was surrounded with vacuum sealing tape, according to the
dimensions of the fabrics, which were cut according to the
standard dimensions. After the fabrics are lined up on the
area in a predetermined order, peel fabric, infusion mesh, and
vacuum foil are laid on top in order. Hose connections for
resin inlet and outlet were then connected to the system, and
the resin prepared in the determined mixing ratios was
infused into the system. The vacuum pump was operated at
a pressure of one bar for approximately two hours until
excess resin movement ceased. The samples were cured
within 24 hours after the pump was turned off. The samples
taken after 24 hours were cured in a furnace at 50°C, 70°C,
and 90°C for 1 hour and then prepared for waterjet cutting.

2.3 Tensile Testing

The tensile test was carried out to specify the
mechanical features of the composite products produced in
the scope of the study. Specimens with 250 mm length,25
mm width and 2.5 mm thickness were prepared for the

tensile test according to the ASTM D3039 standards. The
tests were performed using the ALSA Hydraulic test
device in KOLUMAN Automotive Industry Laboratory.
ASTM D 3039 rule was taken into account when tensile
testing the materials, and the test was carried out by
adjusting the cross-head speed to 2 mm/min [34]. The
apparatus with a capacity of 98000 kN load cell was
utilized to construct tensile tests as is indicated in Figure 3.
The experiments were performed at 20°C + 2°C
temperature and the sample sizes were entered into the
computer program before starting the test. After the test,
the values of tensile strength, modulus of elasticity, and
strain rate values of the manufactured products were
reached. From the average of the results of the 5 samples
tested for homogeneous and hybrid composite structures,
the wvalues related to the tensile strength of the
manufactured specimens were obtained.

2.4 Hardness Testing

The hardness value of the composite products
manufactured in the study was assigned by the Vickers
hardness method. The measured Vickers hardness values are
directly related to the applied load and the area created by the
impression on the test surface of the material. The ASTM
E92-17 standard was taken as a reference when measuring
the hardness of the samples, and the measurement was made
by selecting the force value of 0.2 kgf using an AOB Lab
product machine. Specimens with 70 mm length,70 mm
width and 1.5 mm thickness were prepared for hardness test.
[35]. Fifteen hardness measurements were performed on the
prepared sample surfaces and the average of the 15 values
was recorded as the Vickers hardness value of the composite
product.

Figure 3. Tensile testing machine
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2.5 Water Absorption Analysis

The objective of this analysis is to specify the water
absorption capacity of the samples produced in normal water,
taking into account ASTM D-5229 standards [36]. For the
water absorption test, the samples were produced in the
dimensions of 100 mm length, 100 mm width and 2 mm
thickness and prepared for the test. The three composite
samples were tested with water during their stay in the
container. First, the dry weights of the produced products
were measured on a digital balance, then the samples were
immersed in water for 120 h and the samples were weighed
at regular intervals and the amount of water absorbed was
noted periodically. The test was implemented at room
temperature. Tap water was used in the containers in which
the samples were placed. The preference for tap water is
because there are also studies using tap water, and these
studies also yield close results to real results.

2.6 Morphological Analysis

The SEM FEI Quanta 650 Field Emission device was used
to examine and analyze the surface morphology of the
produced composite samples. The surface conductivity of
the samples was increased by gold spraying and the surface
coating was performed. The aggrandizement capacity of the
instrument is in the range of 6-1,000,000 x times and can be
operated at 30 kV. With this analysis, it will be possible to
observe the fracture surface of the composite samples and
explore the interfacial properties such as fiber-matrix
interactions, matrix cracks in the material, fiber shrinkage,
fiber breakage, and fiber-matrix bond separation.

3. Result and Discussions
3.1 Tensile Test Results

In the scope of this research, tensile test outcomes are
given in Figure 4. The standard deviations in the test results
were +£3.94, +£19.92, and +7.82 for the J, B and JB samples at
50°C, £7.87, £22.96, and +5.08 for the J, B and JB samples
at 70°C, respectively. These deviation values for 90°C are
+1.06, +17.91, and +4.78 for J, B and JB samples,
respectively. According to the results obtained, the post-
curing temperature being 90°C instead of 50°C caused an
increase in the tensile strength value of hybrid jute/basalt
composites and homogeneous jute composites, while a
decline in tensile strength value was observed in
homogeneous basalt composites. Increasing the post curing
temperature above 70°C in homogeneous jute and basalt
composites had a negative impact on the tensile strength. It
has been stated in the studies that this situation is associated
with the glass transition temperature of polymers. The
outcomes of the study displayed that the tensile strength
value of the samples produced did not change when the glass
transition temperature was exceeded in the material.

600

T 500 In I
a.
g BE:
= 400
5 | |
g 300
: ||
7
< 200 - H50°C
N
= .
& 100 | __ pi 170°C
g \ \ i 90°C
o | I
Jute Basalt Jute/Basalt
u50°C 47.31 493.09 92.72
70°C 57.35 533.60 117.92
90°C 50.28 440,55 134.89

Composite samples

Figure 4. Tensile test results

In a study in which the hybridization process of jute fiber
was performed, it was expressed that the tensile strength and
flexural strength values declined by rising the post cure
temperature from 60 °C to 90 °C [37], [38]. In this study, a
tensile strength increment of 21.22% in homogeneous jute
composites and 8.21% in homogeneous basalt composites
was observed at post-curing temperature increasing from
50 °C to 70 °C. In hybrid jute/basalt composites, on the other
hand, increasing post-cure temperature from through 50 °C
to 70 °C provided a tensile strength increase of 27.18%, as
increasing post-cure temperature from 70 °C to 90 °C
provided a 14.39% increase in tensile strength. Besides,
compared to homogeneous jute composites, the tensile
strength of hybrid jute/basalt composites increased by 1.96,
2.06, and 2.68 times at 50 °C, 70 °C, and 90 °C post curing
temperatures, respectively, with hybridization process. This
reflects the positive impact of increasing the post-cure
temperature on the tensile strength values of the
hybridization process.

Table 4 displays the elastic modulus and elongation rate
results of produced composites. As the elastic modulus
results are evaluated, the rise in post-cure temperature from
50°C to 90°C in parallel with the tensile strength value
results had a positive effect on homogeneous jute composites
and hybrid jute/basalt composites, while it had a negative
effect on homogeneous basalt composites. In the results of
the elongation rates, the impact of post-cure temperature
increase was similar to the tensile strength and elastic
modulus results. In the study where the post curing
temperatures at 60 °C, 80 °C, and 100 °C were analyzed
using jute fabric, it was found that the elastic modulus value
increased with increasing post curing temperature [39].
Rising the post-cure temperature from 50 °C to 90 °C led to
an elastic modulus increase of 1.58 times in homogeneous
jute composites and 1.44 times in hybrid jute/basalt
composites. Whilst these rates tend to increase by 1.02 times
at post-curing temperatures rising from 50°C to 70°C in
homogeneous basalt composites, post curing temperature
increasing from 70°C to 90°C caused a 1.14 times decline in
elastic modulus value.
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Table 4. Elastic modulus and elongation rate results

Post-cure Elastic modulus (MPa) Post-cure Elongation rate (%)

temperature Jute Basalt Jute/Basalt temperature Jute Basalt Jute/Basalt

o 993.2+ | 5749.2 .
50°C 2152 | 12478 1227+49.13 50°C 4224022 | 9.76+0.27 | 6.26+0.39

o 1139.4 | 5892.8 R
70°C 3176 | +21.48 1464.4+65.8 70°C 4.24+0.23 9.94+0.27 6.52+0.18

B 1567.4 | 51488 .
90°C +18.9 420,04 1768.2+62.57 90°C 4.56+0.13 9.3+0.27 6.34+0.17

In the previous studies, it has been found that the features
of tensile strength at different temperatures applied to hybrid
composites using basalt fibers vary depending on the
temperatures [38]. Elevated the post-cure temperature from
50°C to 90°C in percent elongation rates resulted in an
increase of 1.01 times in hybrid jute/basalt composites and
1.08 times in homogeneous jute composites.

3.2 Hardness Test Results

Figure 5 gives the microhardness results of prepared
composites in this research. It indicates that Vickers hardness
value increases with increasing post curing temperatures
both in homogeneous composites and hybrid composites. It
can be shown that the enhanced cross-links formed by the
post-curing process in the polymer matrix resin make the
composite structure more robust, causing an increase in the
hardness value due to the increased post-curing temperature.
In a study in which the hardness test was performed by rising
the post-cure temperature from 40°C to 80°C, it was
determined that the hardness value enhanced with the post-
cure temperature [40]. Increasing the post curing temperature
from 50°C to 90°C resulted in an increase of 36.15%,
19.53%, and 34.65% in Vickers hardness values for JE, BE,
and JBE, respectively. As the post-cure temperature is
increased from 50°C to 70°C, these rates are 28.86%, 12.6%,
and 7.97% for JE, BE, and JBE, respectively, in Vickers
hardness values. Increasing the post-cure temperatures from
70°C to 90°C increases the Vickers hardness values by

5.66%, 6.16%, and 24.71% for JE, BE, and JBE, respectively.

While the standard deviation values were +£23.67, £20.07,
and £25.05 in J, B and JB samples, respectively, at 50°C,
they were £10.32, £22.3, and £27.53 in J, B and JB samples
at 70°C. These values are £12.64, £14.24, and +20.55 for J,
B and JB samples at 90°C, respectively.

3.3 Water Absorption Analysis Results

Figure 6, 7 and 8 gives the water absorption analysis
outcomes of produced samples. Because of the hydrophilic
nature of jute fibers, the highest water absorption was
observed in homogeneous jute fiber composites. Basalt
fibers from mineral fibers did not absorb as much water as
jute fibers. In previous studies, basalt fiber was successful in
preventing water penetration into the fiber-matrix interface

by showing better water-repellent behavior in basalt
hybridization application in composites [41]. In JE
composite structures, the water absorption rates of 7.31%,
6.14%, and 8.94% were observed in the samples applied
post-cure temperatures of 50°C, 70°C, and 90°C,
respectively. These increase rates were found as 0.42%,
0.25%, and 0.24% in BE structures at post-cure temperatures
of 50°C, 70°C, and 90°C, respectively. In JBE structures,
water absorption was 1.66% at 50 °C, 0.74% at 70 °C, and
0.47% at 90 °C. From this, it is observed that the water
absorption of the hybrid composites made with basalt fiber
and jute fiber is significantly less, and the water absorption
of the jute fibers is significantly inhibited by the basalt fibers.
Water absorption is also affected by the cell wall, the lumen,
the gap between fiber and resin, and poor interfacial bonding
[42]. It is obtained from the results in the graph that the water
absorption decreases with the increase of post-curing
temperatures. This is an indication that the polymer epoxy
matrix forms stronger bonds as the post-cure temperature
rises, reducing the water absorption capacity of the fibers.

3.4 SEM Analysis Results

The images from Figure 9 to Figure 17 show the SEM
analysis images of the structures after the tensile test
performed after the post-cure temperatures of 50°C, 70°C,
and 90°C were applied. SEM analysis
homogeneous jute fiber composites applied at 50°C post
curing temperature is given in Figure 9.

image of

Microhardness test

m50°C
70°C

Hardness value(HV 0.2)
F=y
{

| |
f . Jute ) Basalt j J;Jte/BasaIt 90°C
m50°C 68.51 85.04 110.04
70°C 88.28 95.75 118.81
90°C 93.28 101.65 148.17

Composite samples

Figure 5. Hardness test results
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Figure 6. Water absorption analysis results of Jute composite
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Figure 7. Water absorption analysis results of Basalt composite
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Figure 8. Water absorption analysis results of Jute/Basalt hybrid
composites

Whilst voids are seen in the JE structure, there are almost
no void structures in the BE structures in Figure 10. Fiber
shrinkage and fiber elongation were detected in JE structures,
and homogeneous fiber breaks were detected in BE
structures. In the JBE structures in Figure 11, it was
understood that due to the strong bonding of the matrix resin
and the fibers, no voids were observed, fiber shrinkage and
elongation of the jute fibers were observed, while basalt
fibers broke into fiber bundles. In the samples after the
tensile test, fiber breaks and fiber shrinkage due to
mechanical load are also observed at different post-curing
temperatures in the hybridization of jute fiber with different
fabrics [43]. It is seen that the jute fiber structures in Figure
12 show fiber shrinkage. In the comparison of BE structures
in Figure 13 and Figure 11, it was determined that basalt
fibers were broken in bundles and homogeneously and did

not show fiber shrinkage or elongation.

By the time the JE structures in Figure 15 are checked
against the JE structures in Figure 9 and Figure 12, it was
found that the gaps between the matrix resin and the fibers
increased. This can be expressed by the fact that natural
fibers and matrix structures have different chemical
structures and do not form a good bond between them [30].
In the comparison of BE structures in Figure 13 and Figure
16, it was seen that the resin did not completely cover the
matrix in BE structures that were post-cured at 90 °C,
indicating that there was not as much bonding between the
matrix and the resin as in BE structures that were post-cured
at 70 °C. This explains why the tensile strength value of
Basalt fiber samples when 90°C post curing temperature is
applied is less than the tensile strength value of the samples
for which 70°C post curing temperature is applied. As the
JBE structures in Figure 17 and Figure 14 are checked
against the structures in Figure 11, it was observed that resin
and fibers showed good adhesion. Moreover, less fiber
breakage and shrinkage were observed in Figures 14 and 17
compared to the JBE structures in Figure 11.

Figure 9. JE composites at 50°C post cure temperature SEM
micrograph

rsity

Figure 10. BE composites at 50°C post cure temperature SEM
micrograph
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Figure 11. JBE composites at 50°C post cure temperature SEM

micrograph

Figure 12. JE composites at 70°C post cure temperature SEM
micrograph

P
) KV 4.14 mm

Figure 13. BE composites at 70°C post cure temperature SEM
micrograph

Cul roit

HFN
KV 4.14n de-3 Pa

mposites at 70°C post cure temperature SEM
micrograph

Figure 14. JBE co

Figure 15. JE composites at 90°C post cure temperature SEM

Figure 16. BE composites at 90°C post cure temperature SEM
micrograph

HY
1 | 5.00kv | 4.14mm | 5.45

Figure 17. JBE compos

Pa

post cure temperature SEM
micrograph

ites at 90°C

4, Conclusions

In the present study, the effect of three different post-
curing temperatures on the mechanical characteristics and
water absorption rate of homogeneous and hybrid woven
composites reinforced with jute and basalt fibers was
investigated. The outcomes of the tensile tests demonstrated
that increasing the post-cure temperatures from 50 °C to
90 °C resulted in an increase in tensile strength of 1.06 times
for homogeneous jute fiber composites and 1.45 times for
hybrid jute/basalt composites. For homogeneous basalt
fibers, increasing the post-cure temperature from 50 °C to
70 °C brought about 1.08 times increment in tensile strength,
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while rising the post-cure temperature from 70 °C to 90 °C
decreased the tensile strength value. Whereas increasing the
post-cure temperature for hybrid composite samples
improves the mechanical properties, increasing the post-cure
temperature above 70 °C for homogeneous jute and basalt
fibers commonly do not result in a positive increase in the
mechanical features of the material. According to the results
of the Vickers hardness test, both the homogeneous jute and
basalt composites and the hybrid jute/basalt composites
exhibited higher hardness values with increasing post-cure
temperature. Elevated the post-cure temperature from 50 °C
to 90 °C led to an increase of 1.36 times for homogeneous
jute fiber composites, 1.19 times for homogeneous basalt
fibers, and 1.35 times for hybrid jute/basalt fibers. The water
absorption results show that the water absorption rate
generally decreases with elevated post-cure temperature.
This can be ascribed to the fact that the resin forms a stronger
bond with the fibers and prevents it from interfering with the
fiber-matrix interaction. The results of the SEM analysis also
indicate that the data obtained from the physical examination
of the homogeneous and hybrid composite structures
confirm the results of the tensile tests. Although increasing
post-cure temperatures have shown different effects on
hybrid and homogeneous composite structures, increasing
the post-cure temperature usually has a favorable impact on
the mechanical features. In terms of both environmental
impact and cost, the use of natural and mineral fiber
reinforced composites by hybridization and application of
high post-curing temperatures will exhibit superior
characteristics for interior and exterior trim parts in the
automotive industry compared to other hybrid structures.
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Nomenclature

J : Jute fabric

B : Basalt fabric

JE - Jute fiber reinforced homogeneous composite
BE : Basalt fiber reinforced homogeneous composite

JBE : Jute/ Basalt fiber reinforced hybrid composite
VARTM : Vacuum Assisted Resin Transfer Molding
ASTM : American Society of Testing Materials

HV
SEM

: Hardness Value
: Scanning Electron Microscope
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